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Background: The aim of this study was to determine the effect of health education in changing nutri-
tional, lifestyle, and cognitive function of elderly individuals with mild cognitive impairment (MCI).
Methods: Thirty-ﬁve elderly individuals with MCI (mean age 65.7  3.8 years, 45.7% men) were
randomly assigned to intervention (n ¼ 17) and control (n ¼ 18) groups. The intervention group
participated in monthly sessions on nutrition and lifestyle education for 12 months, based on a booklet
(‘7 Guides to Enhance Elderly Memory’). Outcomes (cognitive performance, biomarkers, dietary intake,
and knowledge, attitude and practice, knowledge, attitude, and practice score) were measured at 6 and
12 months.
Results: Repeated-measure analysis of covariance showed signiﬁcant improvements in serum B12
(hp2 ¼ 0.094, p ¼ 0.049), homocysteine (hp2 ¼ 0.113, p ¼ 0.022), vitamin C (hp2 ¼ 0.140, p ¼ 0.019),
sodium (hp2 ¼ 0.321, p ¼ 0.000), potassium (hp2 0.321, p ¼ 0.006), knowledge (hp2 ¼ 0.220, p ¼ 0.001),
and attitude (hp2 ¼ 0.105, p ¼ 0.040) in the intervention group over the control group. Individuals in the
intervention group showed a signiﬁcantly higher percentage of improvement in block design (þ53.7%)
compared to the control group (þ8.0%), (p < 0.05).
Conclusion: A 12-month educational intervention on nutritional, lifestyle, and cognitive exercise
signiﬁcantly improved nutritional status, knowledge, and attitude score. The study lacked power to
demonstrate a statistically signiﬁcant positive effect on cognitive functioning; thus, the preliminary
ﬁndings should be conﬁrmed in a larger trial.
Copyright  2014, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Mild cognitive impairment (MCI) is deﬁned as a transitional
phase between normal aging and dementia, characterized by
cognitive decline in performing normal activities of daily living1.
Older persons with MCI represent a target population that is at risk
of developing Alzheimer disease (AD)2. Elderly persons with MCI
have a 10e15% risk of developing AD compared to 1e2% amonghar, Universiti Kebangsaan
ences, Faculty of Health Sci-
har).
tric Emergency & Critical Care Mecognitively normal elderly persons2. Previous studies have strongly
suggested that MCI is reversible and the modiﬁcation of risk factors
may potentially slow cognitive decline, thus preventing onset of
dementia2. These modiﬁable factors generally include nutritional,
lifestyle, and behavioral training as well as cognitive training3e5.
Health education aimed at changing nutrition and lifestyle
behavior is widely recommended for most chronic diseases and
degenerative conditions, particularly as a secondary prevention
strategy to prevent the progression of disease in elderly persons.
The beneﬁts of nutrition and lifestyle education in the elderly
include the ability to contribute to better health, productivity, self-
sufﬁciency, quality of life, and life expectancy6,7 and is well docu-
mented in several studies7,9. Single targeted nutrient and lifestyle
intervention showed improvement in cognitive scores, as docu-
mented in several intervention studies; for example, positivedicine. Published by Elsevier Taiwan LLC. All rights reserved.
Multifaceted Educational Intervention 75effects were observed with administration of omega-3 fatty acid10,
folic acid supplementation11, physical activity12, and cognitive
training13, and also antioxidants14 in individuals with mild AD,
adults at risk for AD, or those with MCI. However, studies that
address the beneﬁts of nutrition and lifestyle education among the
elderly with MCI are lacking. Published studies that have described
efforts to improve cognitive function and delay cognitive decline
have focused on speciﬁc food and nutrient supplementation and
lifestyle interventions including antioxidants14, ﬁsh oil10,15, phys-
ical activity intervention12, and cognitive training16.
Nutritional biomarkers are biological specimens that indicate
nutritional status with respect to intake or metabolism of dietary
constituents17. A single biomarker may be reﬂective of several nu-
trients’ interaction and metabolism. In this study, serum B12, red
cell folate, and serum homocysteine levels are selected as the in-
dicators. Several studies have shown that impaired B12 and folate
levels in blood are common in neurodegenerative diseases such as
dementia18e20. These vitamins act as the coenzyme and play roles
in homocysteine metabolism;, therefore, homocysteine level is a
sensitive marker for low status of both vitamins21. There is also
evidence that the presence of circulating homocysteine concen-
trations is a modiﬁable risk factor for cognitive decline18.
The current preliminary study was conducted to evaluate the
feasibility and efﬁcacy of nutrition and lifestyle education in
improving cognitive ability among urban elderly individuals with
MCI in Kuala Lumpur (Cheras), Malaysia.
2. Methodology
2.1. Study design, sampling, and data collection
This is a preliminary study to determine the feasibility and
effectiveness of nutrition and lifestyle education of 12 months
duration among 35 elderly individuals with MCI. Study participants
were recruited from a low-cost housing area in an urban area of
Malaysia (Cheras, Kuala Lumpur). Participants with MCI were
screened using Petersen (2004) criteria22. Inclusion criteria were
age 60e74 years old with no known terminal illness or mental
disturbance and the ability to read andwrite. Patients who received
vitamin, mineral, or ﬁsh oil supplementation for the previous
3 months, consumed alcohol, or had concomitant serious disease
such as uncontrolled diabetes or kidney failure were excluded.
Patients were not allowed to consume any other vitamin, mineral,
or ﬁsh oil supplementation throughout the intervention period. All
patients were assessed regarding food intake, knowledge, attitude,
and practice (KAP) scores, biomarkers, and cognitive status at
baseline, 6 months, and 12 months. Ethical approval was obtained
from Universiti Kebangsaan Malaysia Medical Center (UKMMC)
Ethics Committee. Informed consent was obtained from all
patients.
2.2. Intervention implementation
Participants were randomized to interventional and control
groups. Patients in the active interventional group received
monthly nutrition and lifestyle education sessions based on a
booklet entitled ‘7 Guides to Enhance Elderly Memory’. The booklet
was developed by a panel of experts based on the recent recom-
mendations and evidences for optimal cognitive function in elderly
individuals as reported earlier23. The seven guidelines are: eat more
ﬁsh, eat more foods rich in folic acid, eat more fruits and vegetables,
exercise regularly, engage in activities to stimulate memory, stop
smoking and consumption of alcohol, and maintain a cheerful and
positive attitude. Each subject received the booklet during the ﬁrst
session, including the allocation of scheduled time for educationsessions during 12 months of intervention. During the ﬁrst session,
the researcher explained the booklet to participants24. The inter-
vention activities based on the booklet content consisted of group
activities on healthy dietary instruction that emphasized con-
sumption of ﬁsh, vegetables, and fruit, diet counseling, a food quiz,
demonstration of healthy food preparation, aerobic exercise, a
crossword puzzle, and board games. Advice regarding the inter-
vention activities was provided during monthly group meetings as
suggested by Rana et al25.
Because this study is part of a larger study investigating the
efﬁcacy of ﬁsh oil supplementation on elderly individuals with
MCI, the control group received 12 months of supplementation
with isocaloric placebo capsule containing 1000 mg corn oil to be
taken three times daily. In this education intervention study, the
same control group (placebo) was used because of the small
sample size.
2.3. Measures
The outcome measures included in this study were cognitive
status, food intake, KAP scores, and biomarkers. Speciﬁc assess-
ment on the improvement according to each guideline tabulated in
the booklet was not assessed. Compliance toward advice given was
monitored monthly through individual and group counseling
sessions.
2.3.1. Cognitive status
Cognitive status was assessed by trained interviewers under the
supervision of a clinical psychologist using neuropsychological
tests comprising the Mini-Mental State Examination (MMSE)26,
Digit Span27, Digit Symbol27, Block Design27, Matrix Reasoning27,
Visual Reproduction I and II28, Rey Auditory Verbal Learning Test
(RAVLT)29, and Clock Drawing Test (CDT)30. The Malay version
MMSE was used in this study, and has been validated among the
local elderly population31.
2.3.2. Biomarkers
Nutritional biomarkers including serum B12 level, red cell folate,
and serum homocysteine were measured. Blood samples were
centrifuged at 3000 rpm for 10 minutes immediately after collec-
tion. Serum B12 level, red cell folate, and serum homocysteine levels
were determined using competitive immunoassay using direct
chemiluminescent technology method (Advia Centaur, Siemens
Healthcare Diagnostics, Germany).
2.3.3. Food intake
Dietary intake was assessed by face-to-face interview using a
diet history questionnaire (DHQ)32, with conversion tables be-
tween the weight for each food item consumed and household
serving size. FoodWorks (www.xyris.com.au) software was used to
obtain basic energy and nutrient intake.
2.3.4. Knowledge, attitude, and practice
The score for nutritional knowledge, attitude and practice was
obtained using a questionnaire developed by the research group
comprising dietician, nutritionist, physician, and geriatrician. The
questionnairewas based on information in the literature on healthy
eating, lifestyle, and cognition in elderly individuals. It was pre-
tested on a convenient sample of 20 elderly patients drawn from
the local community fromwhom the participants in this studywere
recruited and showed good internal consistency (Cronbach
a ¼ 0.918). There were 37 questions for knowledge, with a dicho-
tous response scale (“yes”, “no” or “don’t know”) and also multiple
choice questions; 12 attitude and 15 practice questions with a 5-
point Likert scale (strongly disagree to strongly agree)33.
S.M. Johari et al.762.4. Data collection
Face-to-face questionnaire interviews and cognitive testing
were performed by trained research assistants. All measurements
were carried out in the Clinical Trial Ward, Universiti Kebangsaan
Malaysia Medical Center (UKMMC).
2.5. Statistical analysis
Descriptive and chi-square analyses were performed on cate-
gorical data. Independent Student t-test, Mann-Whitney U test,
repeated-measures analysis of variance (ANOVA), and repeated-
measures analysis of covariance (ANCOVA) were used to evaluate
the effects of the education and control interventions on biomarker,
food intake, KAP, and cognitive performance over 12 months. All
analyses were performed using statistical analysis for Social Sci-
ences (SPSS) software version 18.0 (SPSS Inc.).
3. Results
3.1. Sociodemographic characteristics
As shown in Table 1, the age of the patients ranged from 60 to
72 years; the mean age was 64.7  3.8 years. Both groups were
comparable with respect to mean age, marital status, education
status, and household income. However, a higher percentage of
men, Malays, and individuals who participated regularly in social
activities (p < 0.05 for all parameters) were found in the inter-
vention group. Accordingly, these variables were used as covariates
in repeated-measures ANCOVA.Table 1
Sociodemographic characteristics of subjects (n ¼ 35).
Proﬁle Intervention
(n ¼ 17)
Control
(n ¼ 18)
Signiﬁcant
level
Demography
Age (mean  SD) 66.9  4.2 63.5  2.9 NSa
Sex
Men 11 (64.7) 5 (27.8) p < 0.05b
Women 6 (35.3) 13 (72.2)
Race
Malay 17 (100.0) 12 (66.7) p < 0.05b
Chinese 0 (0.0) 6 (33.3)
Marital status
Married 14 (82.4) 13 (72.2) NSb
Divorced/widower 3 (17.6) 5 (27.8)
Education status
No formal education 0 (0.0) 2 (11.1) NSb
Had formal education 17 (100.0) 16 (88.9)
Employment status
Yes 2 (11.8) 5 (27.8) NSb
No 15 (88.2) 13 (72.2)
Socioeconomy
Household income
< MYR1500/month 14 (82.4) 15 (83.3) NSb
 MYR1500/month 3 (17.6) 3 (16.7)
Psychosocial
Social engagement
Yes 17 (100.0) 9 (50.0) p < 0.05b
No 0 (0.0) 9 (50.0)
Smoking habit
Yes 3 (17.6) 3 (16.7) NSb
No 14 (82.4) 15 (83.3)
MYR ¼ Malaysian Ringgit; NS ¼ not signiﬁcant; SD ¼ standard deviation.
a p < 0.05 signiﬁcant difference between groups using independent t-test (two-
tailed).
b p < 0.05 signiﬁcant difference between groups using chi-square test.3.2. Biomarkers
Repeated-measures ANOVA showed that the intervention group
had signiﬁcantly increased serum B12 and decreased homocysteine
levels (Table 2). The intervention group showed a greater increase
in serum B12 level (þ12.8%) as compared to the control group
(þ3.3%). Serum homocysteine showed a greater decrease in the
intervention group (34.6%) compared to the control group
(21.1%). Red cell folate showed substantial percentage increases in
both groups (p < 0.05, hp2 ¼ 0.125), higher in the control group
(þ23.5%) compared to the intervention group (þ18.9%); however,
the difference in change of red cell folate was not signiﬁcant.
3.3. Food intake
Analysis of food intake revealed few signiﬁcant changes except
for vitamin C, sodium, and potassium intake. The intervention
group showed improved vitamin C, sodium, and potassium intake
(Table 2). Sodium intake showed marked reductions in both
groups,63.4% in the intervention group and59.9% in the control
group at the 12th month. Potassium intake also decreased in both
groups at the 12th month, but was less in the intervention group
(18.1%) than in the control group (28.5%). Intake of vitamin C at
the 12th month showed much less decrease in the intervention
group (2.9%), compared to the control group (20.3%).
3.4. Knowledge, attitude, and practice
Over the 12 months, the intervention group showed more
favorable changes in scores on knowledge and attitude compared
to the control group (Table 2), increasing þ48.7% compared
to þ0.2% in the control group for knowledge scores at the 12th
month, and decreasing by only 3.8% compared to 19.3% in the
control group for attitude score at the 12th month. However, there
were no signiﬁcant differences in practice scores.
3.5. Cognitive status
There were no signiﬁcant interaction effects in all neuropsy-
chological tests using repeated- measures ANCOVA (Table 3) and
also no signiﬁcant differences in mean neuropsychological test
score at the 12th month in both intervention and control groups,
(Table 4). However, the intervention group showed a marginally
signiﬁcant improvement over 12 months (as shown by mean
change scores, 12th month minus baseline score) in block design
score (mean difference 6.1  7.4) compared to the control group
(mean difference 0.1  10.0) (p ¼ 0.050) (Table 4). Further analysis
using the Mann-Whitney U test comparing percentage changes in
neuropsychological test scores (12th month minus baseline
expressed as percentage of baseline) showed a signiﬁcant differ-
ence in block design percentage change score (p < 0.050), showing
that the intervention group (þ53.7%) had a higher improvement
percentage compared to the control group (þ8.0%) (Fig. 1).
Because of the change in block design score, additional analysis
was used to test the effect of social engagement on this variable.
Analysis using repeated-measures ANOVA showed that there was
an interaction effect between social engagement status and block
design test score (hp2¼ 0.149; p¼ 0.005). The percentage of change
in block design score was higher among patients who engaged in
social activity (28.7%) than those who did not (20.4%).
4. Discussion
To the best of our knowledge, this is the ﬁrst intervention trial of
a multifaceted nutrition and lifestyle education for elderly persons
Table 2
Biomarkers, food intake, and knowledge, attitude, and practice score at baseline, 6-month and 12-month follow-ups (presented as mean  SD).
Intervention group (n ¼ 17) Control group (n ¼ 18) Repeated measures
Baseline 6th mo 12th mo Baseline 6th mo 12th mo Interaction
effect, p (hp2)
Time effect,
p (hp2)
Group effect,
p (hp2)
Biomarker
Serum B12 (pmol/L) 327.7  98.2 352.2  121.8 369.8  145.5 340.7  120.2 304.6  87.6 329.3  85.0 0.049* (0.094) 0.238 (0.043) 0.475 (0.016)
Folate (nmol/L) 681.4  94.5 752.7  246.9 810.1  134.9 756.5  160.4 782.6  138.6 934.6  113.6 0.712 (0.010) 0.012* (0.125) 0.231 (0.043)
Homocysteine
(mmol/L)
22.8  5.5 18.0  4.1 14.9  5.7 16.6  3.5 13.6  2.3 13.1  2.4 0.022* (0.113) 0.020* (0.116) 0.786 (0.002)
Food intake
Energy (kcal/d) 1693  212 1405  263 1433  256 1676  257 1607  201 1318  262 0.067 (0.086) 0.980 (0.001) 0.261 (0.042)
Protein (g/d) 71  18 51  16 55  14 72  16 71  15 56  19 0.034* (0.106) 0.282 (0.041) 0.366 (0.027)
Fat (g/d) 58  10 52  15 50  15 66  14 63  12 48  15 0.613 (0.016) 0.525 (0.021) 0.039* (0.135)
Carbohydrate (g/day) 221  33 183  44 191  42 198  30 188  27 166  41 0.454 (0.027) 0.004* (0.175) 0.611 (0.009)
Thiamine (mg/d) 0.9  0.2 0.9  0.3 0.8  0.2 0.9  0.3 0.9  0.2 0.7  0.3 0.384 (0.031) 0.959 (0.001) 0.004* (0.250)
Riboﬂavin (mg/d) 1.4  0.3 1.2  0.5 1.4  0.8 1.3  0.4 1.3  0.3 1.0  0.4 0.185 (0.055) 0.356 (0.034) 0.126 (0.076)
Niacin (mg/d) 10.6  2.2 8.3  2.6 7.4  1.8 11.0  3.2 10.2  2.0 7.4  1.8 0.083 (0.080) 0.051 (0.095) 0.000* (0.437)
Vitamin C (mg/d) 105  48 83  30 102  59 92  39 91  35 74  33 0.019* (0.140) 0.717 (0.008) 0.040* (0.133)
Vitamin A (mg/d) 819  232 701  182 750  242 815  287 755  259 701  226 0.681 (0.013) 0.896 (0.004) 0.694 (0.005)
Sodium (mg/d) 5090  1114 2045  923 1864  535 4586  1723 4497  1650 1841  893 0.000* (0.321) 0.067 (0.086) 0.515 (0.014)
Potassium (mg/d) 1545  364 1107  314 1266  418 1497  352 1519  321 1070  278 0.006* (0.158) 0.456 (0.026) 0.779 (0.003)
Calcium (mg/d) 577  149 423  170 474  247 434  121 471  121 388  180 0.737 (0.010) 0.549 (0.020) 0.338 (0.566)
Iron (mg/d) 16.0  3.0 11.4  3.3 11.3  3.1 13.7  3.9 12.9  2.5 11.0  3.2 0.084 (0.079) 0.165 (0.058) 0.550 (0.012)
KAP
Knowledge 16  4 25  6 24  5 19  4 19  6 19  7 0.001* (0.220) 0.205 (0.055) 0.000* (0.424)
Attitude 4.1  0.6 4.3  0.6 4.0  0.5 4.5  0.5 3.8  0.8 3.6  0.6 0.040* (0.105) 0.106 (0.074) 0.130 (0.077)
Practice 3.9  0.5 4.4  0.3 4.1  0.4 4.3  0.4 4.1  0.4 3.7  0.5 0.103 (0.083) 0.000* (0.332) 0.006* (0.237)
Multifaceted Educational Intervention 77with MCI. The results of observational studies showing differences
associated with cognitive decline with dietary and lifestyle fac-
tors34e38 suggest that these factors might have a potential effect on
cognitive function among elderly persons with MCI. A number of
studies have been conducted to determine the cognitive effect of
single- modality interventions using nutritional supplementa-
tion10,39, and lifestyle and cognitive training intervention12,13,40.
A study on cognition by Small et al41 found that a short-term
healthy lifestyle program (i.e., 14 days) was associated with sig-
niﬁcant effects on cognition and brain metabolism. However, the
study did not involve elderly individuals with MCI. The 17 patients
with a mean age of 53 years had no dementia, mild self-reported
memory complaints, and a normal baseline memory performance
score. The cognitive measures include self-assessment of memory
ability, objective tests of cognitive performance, and determination
of regional cerebral metabolism during mental rest. With regard to
small sample size, the study found signiﬁcant improvement in
intervention group using the Wilcoxon signed-rank test. Mean-
while, our study fails to demonstrate a positive effect of educational
interventions for neuropsychological test performance usingTable 3
Neuropsychological test scores at baseline, 6-month and 12-month follow-ups (presente
Intervention group (n ¼ 17) Contro
Baseline 6th mo 12th mo Baseline 6
Cognitive tests
MMSE 26.6  3.2 27.9  1.8 28.2  1.4 26.5  2.3 2
Digit span forward 7.9  2.2 9.0  2.6 7.8  2.1 8.8  2.4
Digit span backward 4.4  2.1 4.4  1.8 3.9  1.4 3.7  1.6
Digit symbol 26.4  13.8 32.9  11.8 34.3  10.4 31.2  22.1 3
Block design 19.0  9.7 21.7  10.5 25.1  10.5 23.7  9.1 2
Matrix reasoning 7.0  3.8 7.0  3.4 7.1  3.8 7.3  5.1
Visual reproduction I 21.7  8.1 24.8  9.7 24.0  8.5 22.7  11.1 2
Visual reproduction II
(delayed)
13.5  9.9 16.4  8.6 20.1  8.6 14.3  11.9 2
RAVLT 6.8  2.3 7.7  1.9 7.4  1.7 7.1  1.0
CDT 7.2  2.2 7.8  2.1 8.2  1.3 7.3  1.0
CDT ¼ Clock Drawing Test; MMSE ¼ Mini-Mental State Examination; RAVLT ¼ Rey Audrepeated-measures analysis. However, comparing the mean using
the Mann-Whitney U test, we found that the improvement of block
design test of visuospatial construction is signiﬁcantly higher in the
intervention group. The block design test is a subtest of the
Wechsler Adult Intelligent Scale27 that is regarded as a measure-
ment of visuospatial constructional ability and is a good predictor
of everyday spatial measures42.
Improved levels of nutritional biomarkers, namely serum B12,
folate, and homocysteine levels, were observed in all participants
(both interventional and control groups) in the study, and only the
increase in B12 and homocysteine levels appeared to be substan-
tially greater in the interventional group. This ﬁnding supports the
effect of educational intervention in increasing the intake of at least
certain food items that are rich in these vitamins. This may also
suggest that the improvement in block design test performance
associated with the active intervention could be attributed to
increased B12 intake and absorption. We performed a correlation
analysis (Table 5) of the changes in these nutritional and cognitive
parameters and observed a positive correlation between folate and
most cognitive tests, although this ﬁnding was not signiﬁcant.d as mean  SD).
l group (n ¼ 18) Repeated measure
th mo 12th mo Interaction effect,
p (hp2)
Time effect,
p (hp2)
Group effect,
p (hp2)
7.6  1.5 27.3  1.4 0.548 (0.017) 0.077 (0.092) 0.529 (0.014)
8.8  2.2 7.9  1.7 0.982 (0.001) 0.710 (0.012) 0.879 (0.001)
4.2  1.5 4.2  1.6 0.064 (0.091) 0.129 (0.068) 0.430 (0.022)
0.2  11.2 32.4  10.9 0.191 (0.057) 0.118 (0.075) 0.805 (0.002)
0.8  8.7 23.8  10.8 0.362 (0.034) 0.695 (0.012) 0.449 (0.020)
7.9  3.7 7.6  3.7 0.711 (0.012) 0.731 (0.011) 0.517 (0.015)
6.7  7.2 23.6  7.4 0.093 (0.085) 0.796 (0.005) 0.875 (0.001)
0.7  10.2 19.1  9.2 0.310 (0.040) 0.209 (0.053) 0.823 (0.002)
7.7  1.6 7.5  1.2 0.862 (0.005) 0.049* (0.099) 0.516 (0.478)
7.9  1.1 7.8  1.2 0.965 (0.001) 0.255 (0.046) 0.825 (0.002)
itory Verbal Learning Test.
Table 4
Changes in neuropsychological test scores (12th month minus baseline), presented
as mean  SD and %.
Neuropsychological
test
Intervention group,
n ¼ 17
Control group,
n ¼ 18
pa
D (mean  SD) D (mean  SD)
MMSE 1.6  2.5 0.8  1.8 0.447
Digit Symbol 7.8  12.1 5.4  8.4 0.483
Clock Drawing Test 0.9  1.6 0.5  1.1 0.656
Digit Span Forward 0.2  3.2 0.9  1.8 0.461
Digit Span Backward 0.5  2.5 0.5  1.6 0.071
RAVLT 0.5  2.4 0.3  1.5 0.773
Block Design 6.1  7.4 0.1  10.0 0.050
Visual Reproduction I 2.3  6.0 0.9  11.6 0.657
Visual Reproduction II 6.6  6.6 4.8  11.1 0.565
Matrix Reasoning 0.1  2.4 0.3  3.5 0.893
MMSE ¼ Mini-Mental State Examination; RAVLT ¼ Rey Auditory Verbal Learning
Test.
a Analysis using student t-test or Mann-Whitney U test.
S.M. Johari et al.78However, serum B12 level only shows a positive correlation in four
of 10 cognitive tests. The increased intake of this related vitamin
may as well alter homocysteine level among the subjects and
suggests improvement in cognitive tests score43,44.
The most signiﬁcant positive dietary change was reduced so-
dium intake, although this as well as the other dietary changes
observed in this study cannot be expected to produce cognitive
effects over 1 year. Sodium intake inﬂuences blood pressure and
risk of hypertension45, but this pertains to only midlife exposure
and late-life dementia46,47. However, in this study, intake of po-
tassium in both the intervention and control groups was observed
to show a reducing trend over 1 year. Intake of potassium should be
increased in order to improve blood pressure48. The signiﬁcant
change in vitamin C intake persists because patients in the control
group had reduced their intake whereas patients in the interven-
tion group maintained this vitamin intake. The maintenance of
vitamin C levels in the intervention group suggests that the edu-
cation intervention had a signiﬁcant effect in educating elderly
patients to continue to adopt a healthy diet.
In general, both groups showed reducing trend over a 12-month
intervention period in all dietary parameters. Detailed examination
of changes of biomarkers, namely serum B12, red cell folate, and
homocysteine, suggest that intake of these vitamins were
improved, thus they were seen in the blood. Nevertheless, theFig. 1. Percentage of neuropsychological test score changes at 12th month interven-
tion. CDT ¼ Clock Drawing Test; MMSE ¼Mini-Mental State Examination; RAVLT ¼ Rey
Auditory Verbal Learning Test.study is limited to unavailability of dietary folate intake data
because of limited data on this nutrient in the Malaysian Food
Composition Database49. In addition, this also suggested that data
for dietary intake were underreported. A reason for such discrep-
ancies is that self-reported dietary assessment is often associated
with measurement error that leads to distortion of relative risk
estimates50,51. However, most biomarker studies rely on measures
from a single biological specimen. These measures are assumed to
be representative of a person’s usual nutritional intake, presuming
low within-subject variation52. Thus, biomarker is regarded as a
more useful tool in determining efﬁcacy in a nutrition and lifestyle
education program.
It is also possible that the changes in neuropsychological test
performance observed in this study may be attributed to the ‘pro-
gram’ effect itself. Because the classroom sessions were conducted
in groups and involved group activities, social activity and partici-
pation may contribute to improving cognitive ability. As in this
study, analysis using repeated-measures ANOVA found an inter-
action effect between social engagement status and cognitive test,
namely the block design test. There is evidence that the beneﬁcial
effects of group activity intervention from studies in which inter-
vention conducted through group activities have produced a pos-
itive inﬂuence on cognitive function53,54.
The current study showed improved knowledge score among
patients in the intervention group. This result is in agreement with
reported studies of nutritional education in elderly patient
groups55e57. Sahyoun et al58 observed that improvement in
knowledge score is the most frequently reported efﬁcacy of
educational intervention. Nutrition and lifestyle education are
clearly necessary in helping elderly patients understand the latest
health information and apply it to their situation59. Furthermore,
signiﬁcant changes in attitude were also observed in the inter-
vention group in this study. Sachdeva et al56 reported similar
ﬁndings, together they demonstrate the feasibility of educational
interventions in late-life elderly patients to change their attitude
about healthy choices. However, there were no signiﬁcant changes
in practice score, although a study by Outram et al60 otherwise has
reported positive changes in behavior.
The control group appeared to show similar favorable responses
in biomarkers and cognitive score changes. The nature of the con-
trol group, supplemented with placebo capsules containing corn oil
that contains a-linolenic acid (ALA), which has anti-inﬂammatory
effects, may possess a positive effect on outcome variables61e63.
Another possible reason is that the patients were not blinded. It
was possible that cross-contamination may dilute the effect esti-
mate and bias the results.
The current study fails to show signiﬁcant results in neuropsy-
chological performance, except for the block design. Because of
small sample size, most results tend to show positive but small
effect size (hp2 value) in favor of the active intervention. There are a
number of possible reasons. The study selected elderly patients
who were healthy, not malnourished. The nutritional education
emphasized increased intake of foods that are rich in omega-3
polyunsaturated fatty acids, folate, and antioxidants. Adherence
to these nutritional recommendations involves higher costs, and
was challenging for patients of moderate to low income in the
study. The interventional components such as physical exercise and
cognitive stimulation sessions were carried out once a month, and
although of adequately long duration lacked the intensity required
to produce an effect on cognitive outcomes. The interventional
approach involved the simultaneous application of multiple com-
ponents naturally lacking speciﬁcity in attributing effects. Although
there is great value in developing interventional programs based on
such a broad-based holistic approach, designing a program with
precise description of speciﬁc nutritional, lifestyle, and behavioural
Table 5
Relationship of neuropsychological test and nutritional biomarkers changes (12th month minus baseline) using Z-score, presented as standardized coefﬁcients beta.
D Neuropsychological test score D Folate p D B12 p D Mean folate-B12 p D Homocysteine pP
MMSE 0.111 0.526 0.147 0.399 0.154 0.377 0.023 0.898
Digit Symbol 0.234 0.176 0.012 0.944 0.132 0.449 0.007 0.970
Clock Drawing Test 0.191 0.273 0.186 0.286 0.224 0.195 0.116 0.507
Digit Span Forward 0.044 0.802 0.020 0.909 0.014 0.935 0.115 0.511
Digit Span Backward 0.095 0.587 0.018 0.919 0.046 0.793 0.165 0.343
RAVLT 0.211 0.223 0.004 0.984 0.124 0.479 0.032 0.854
Block Design 0.060 0.731 0.026 0.882 0.052 0.769 0.158 0.364
Visual Reproduction I 0.047 0.789 0.115 0.509 0.097 0.580 0.139 0.425
Visual Reproduction II 0.018 0.919 0.053 0.763 0.021 0.905 0.030 0.864
Matrix Reasoning 0.011 0.952 0.103 0.556 0.068 0.699 0.076 0.666
MMSE ¼ Mini-Mental State Examination; RAVLT ¼ Rey Auditory Verbal Learning Test.
Multifaceted Educational Intervention 79components is challenging1 when it is necessary to focus on many
components simultaneously. The disadvantage is that it would be
difﬁcult to attribute any or a number of observed cognitive effects
to speciﬁc interventional components.
5. Conclusion
This preliminary study indicates the feasibility of nutritional and
lifestyle education for elderly individuals with MCI to improve
nutritional and cognitive outcomes while providing some limited
evidence of efﬁcacy. Future trials should involve large samples of
elderly participants with speciﬁc risk factors and interventional
modalities of high intensity and adequate duration.
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